Introduction {#sec1}
============

In the realm of supramolecular chemistry and crystal designing, the judicious engineering and synthesis of metal--organic frameworks (MOFs) have engrossed great interest for their incomparable degree of tenability and structural diversity, which provides a wide range of chemical and physical properties. The judicious choice and stippling of the building blocks can deliver a desired framework with suitable properties that is evidencing the potential application in discriminating gas separation and storage, drug delivery, catalysis, and sensing.^[@ref1]−[@ref10]^ In this domain, luminescent MOFs (LMOFs) have evolved as selective and efficient chemosensors through strategic selection of nodes and luminescent organic linkers. Furthermore, the thermal and chemical endurance in the harsh environment is also steeping its feasibility.^[@ref11]−[@ref15]^ During this period of development, researchers found that inert metal ions and π-conjugated organic ligands are the suitable combination for its functionalization to be an effective fluorescence-based sensor for the detection of perilous substances.^[@ref16]^ There are a plenty of chemicals, and their widespread uses are bringing adverse consequences to the environment and human health. In this perspective, it is highly necessary to rapidly detect chemicals like nitroaromatics (NACs), volatile organic compounds (VOCs), and metal ions to protect and maintain the sustainability of the environment. In particular, the sensual detection of potential explosive and mutagenic pollutant materials like nitroaromatic compounds (NACs) is highly needed for forensic and criminal investigation in order to safeguard human health and security.^[@ref17]−[@ref23]^ Amongst the nitroaromatic compounds, the explosion power of 2,4,6-trinitrophenol (TNP) is even higher than that of the most known explosive materials like 2,4,6-trinitrotoluene (TNT), but surprisingly, very little attention has been levied toward the detection of TNP.^[@ref24]^ Furthermore, nitroaromatic compounds are widely used in the production of germicides, fungicides, staining agents, analytical reagents, fireworks, pesticides, and their incautious release into environment leads to severe detrimental impacts to the harmony of soil or aquatic ecosystems.^[@ref25]^ Primarily, NACs are introduced into the ecosystem during the manufacturing and degradation of these commercial products where pesticides and germicides like 4,6-dinitro-2-methylphenol (DNoc) and 2-butyl-4,6-dinitrophenol (Dinoseb) are considered to be a major source. The use of nitro derivatives as the explosive material in the land mines is expressing the possibility of nitro-compound accumulation from unexploded and used land mines into the soil as well as the aquatic system. The bio-accumulation of nitrophenols into our food chain can cause serious lethal effects to the living organisms where a level of 150 μg/L nitrophenols^[@ref26],[@ref27]^ is harmful for the ecosystem. Inside the human cells, like other organic pollutants, a small amount of phenol and its nitro-substituted derivatives show hematotoxicity, hepatotoxicity, along with carcinogenesis. The digestive cycle of mammalians metabolized substituted phenols like TNP into an extremely hazardous and mutagenic species, picramic acid.^[@ref28]−[@ref30]^ The conventional detection methods of NACs are relying mostly on the smelling ability of sniffer dogs' and expensive sophisticated instrumental techniques that are not portable. Therefore, rapid, easy, and instant detection of TNP is of substantial necessity for the sake of environment, human health, and homeland security.^[@ref31]−[@ref33]^

In this perspective, the unique features like accessibility, high sensitivity, portability, and real-time response of luminescent MOFs embody its efficiency and feasibility to become a promising alternative for discerning and instant detection of TNP in both the solid and solution phases. In this regard, the primary strategy is the establishment of interligand charge transition (ILCT) within the organic building block through introduction of the electron donor and acceptor groups in the same linkers for the development a luminescent MOF.^[@ref34]^ These conjugated frameworks, having delocalized π-conjugation in organic ligands, make it an excellent electron donor.^[@ref38]^ The potential electrostatic interaction with electron-deficient nitroaromatic analytes through the donor--acceptor electron transfer mechanism is mainly responsible for the sharp and instant quenching of fluorescence. However, the detection of TNP with profound selectivity is considerably ponderous because of the competitive interactions with other nitro analytes that may possess false signals. The effect of other intrusions like the working medium and the presence of other interfering analytes make the sensing phenomenon immensely challenging for the selective detection of NACs from the aqueous medium and soil samples.^[@ref35]^ Nevertheless, the tailoring nature of MOFs is suggesting the specific selection and arrangement of nodes, and effective building blocks can overcome the false responses and make the LMOFs precisely selective toward the targeted analyte with high sensitivity. Together with high selectivity and sensitivity, the stability and satisfying solvent resistance of the resulting framework is very important, especially against a harsh aqueous environment, as it can cause the degradation of MOF structures through the hydrolysis of the secondary building units.

Sometimes, the introduction of interpenetration to the MOFs for achieving enhanced stability can consequentially cause reduction in its porosity. Analogously, the construction of helical structures can also enhance the stability of the MOFs through extensive stacking of the subunits. Moreover, this ubiquitous helical structure of MOFs can assist in availing the retained porosity with significant stabilization of frameworks. MOFs implanted with helical structures show fascinating properties to become a promising material for various applications like gas absorption and separation, catalysis, and detection of toxic elements.^[@ref36]^ Based on the reported rigid MOFs and the preceding considerations, the introduction of helicity can be achieved by the incorporation of the V-shaped linker to the framework. The geometries and coordination behavior of V-shaped polycarboxylates suggest that the mix ligand synthetic approach will be beneficial for the generation of unique architecture with considerable stability.^[@ref37],[@ref38]^

Inspired by the aforementioned facts, in this present work, we have synthesized two MOFs ([Scheme [1](#sch1){ref-type="scheme"}](#sch1){ref-type="scheme"}) with the mix ligand approach containing V-shaped polycarboxylates, 4,4′-oxybisbenzoic acid (H~2~OBA) and isonicotinic acid (HINA), with divalent transition-metal salts to achieve a fascinating helical structure. The 4,4′-oxybisbenzoic acid (H~2~OBA) contains a flexible −O-- group which has a free bending and rotating nature that provide flexibility to the framework for feasible interactions with the guest analytes.^[@ref34]^ In continuation, these luminescent MOFs are employed for the investigation of selective detection of TNP from the aqueous medium. In addition, the versatile chemical components of the water sample instigate us to evaluate the interference of various chemical components in the water medium. Therefore, several real-field samples have been collected from different geographical locations for experimentation, and interestingly, these LMOFs shows high efficacy toward selective and sensual detection of TNP, irrespective of its geolocations. Moreover, as far as we are aware, there are a few literature studies on the utilization of transition metals containing luminescent MOFs with a helical structure employed for selective detection of TNP from soil samples. Therefore, the selective detection capability of these MOFs with high sensitivity even in the presence of different interfering agents has further motivated us to evaluate the selective detection ability of TNP from different soil samples, and amusingly, Cd\@MOF shows astonishing sensitivity toward TNP in various soil specimens.

![Reaction Methodology of **Mn\@MOF** and **Cd\@MOF**](ao0c01194_0017){#sch1}

Results and Discussion {#sec2}
======================

Crystal Structure and Morphology {#sec2.1}
--------------------------------

The LMOFs (**Mn\@MOF** and **Cd\@MOF**) have been synthesized using the solvothermal method, and the X-ray Crystallographic studies ([Tables S3 and S6](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c01194/suppl_file/ao0c01194_si_001.pdf)) revealed that both of the crystals are isostructural and attribute to 2D frameworks and are crystallized in the triclinic crystal system with the space group of P-1. Typically, these LMOFs are composed of Mn(II)/Cd(II) nodes which are associated with 4,4′-oxybisbenzoic acid (**H**~**2**~**OBA**) and 4-isonicotinic acid (**HINA**) ligands to form a 2D net-like topology.

The secondary building unit (SBU) for both of the LMOFs are quite identical, which contain trinuclear metal ions to make the clusters and are connected by the association of four OBA strut to constitute the one-dimensonal metal chains. Furthermore, the metal nodes are connected by four INA building blocks to propagate as the 2D net-like architecture ([Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}a). All the metal centers are hexacoordinated, where two solvent molecules are satisfying one coordination site for each terminal metal centers. Moreover, the central metal ion (Mn1, Cd1) has different coordination environments compared to the two terminal metal (Mn2 and Cd2) centers ([Figures [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}c,d and [2](#fig2){ref-type="fig"}b,c). The connectivity of two carboxylate groups of each OBA unit possesses various coordination modes, which leads to different coordination geometries around the mental centers ([Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}b).

![(a) Ball and stick diagram of the crystal structure of **Mn\@MOF** is depicting the coordination environment with the atom numbering; (b) representation for metal and ligand connectivity; (c) asymmetric unit of terminal Mn (depicted as Mn2); (d) asymmetric unit of central Mn (depicted as Mn1); (H atoms are omitted for better understanding.).](ao0c01194_0001){#fig1}

![(a) Ball and stick diagram of the crystal structure of **Cd\@MOF** is depicting the coordination environment with atom numbering; (b) asymmetric unit of terminal Cd (depicted as Cd1); (c) asymmetric unit of central Cd (depicted as Cd2); (H atoms are omitted for better understanding.).](ao0c01194_0009){#fig2}

The coordination site of the central metal atom is consisted of four flexible OBA ligands and two INA ligands, where the equatorial coordination sites are occupied with two μ-1,1 bridged carboxylate oxygens (*i.e.,* Mn1--O3, Cd1--O3) of two carboxylate groups from two different OBA ligands. Other two sites are attached with monodentate oxygen centers (*i.e.,* Mn1--O7, Cd1--O8) which are also contributed by the OBA moiety ([Figures [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}d and [2](#fig2){ref-type="fig"}b). One of the OBA ligand having the syn-syn coordination mode involves two oxygen atoms of the OBA moiety (Mn1--O7, Mn2-O6; Cd1--O8, Cd2-O7), whereas second OBA moiety having syn-anti coordination mode with the chelating carboxylate oxygen atom (Mn1--O3; Cd1--O3) and one monodentate oxygen atom (Mn2-O4; Cd2-O6). The apical position is occupied by monodentate carboxylate oxygen (Mn1--O1; Cd1--O5) associated with the INA unit ([Figures [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}d and [2](#fig2){ref-type="fig"}b). Similarly, the two terminal metal atoms are coordinated with bridged (Mn2--O3 and Cd2--O3) and monodentate (Mn2--O6,O4 and Cd2--O7,O6) carboxylate oxygen of the OBA unit, as likely to the central metal node. However, the major difference in the coordination environment is the nitrogen center of the pyridine ring of the INA moiety which occupies that one axial site. However, the sixth coordination site is fully filled by the amide oxygen (Mn2--O5 and Cd2--O2) of the solvent molecule (DMF) ([Figures [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}c and [2](#fig2){ref-type="fig"}c). In a nutshell, the chemical formula is also quite similar, as for Mn\@MOF, that is, C~46~H~38~Mn~3~N~4~O~16~, which possess the \[Mn~3~(OBA)~4~(INA)~4~(DMF)~2~\]~*n*~ repeating unit with a trimetallic secondary building unit (SBU) of \[Mn~3~(CO~2~)~6~N~2~O~2~\]; similarly, Cd\@MOF also has the formula unit of C~46~H~38~Cd~3~N~4~O~16~ which also propagates like \[Cd~3~(OBA)~4~(INA)~4~(DMF)~2~\]~*n*~ with a trimetallic secondary building unit (SBU) \[Cd~3~(CO~2~)~6~N~2~O~2~\].

Nevertheless, these three metal nodes are linked together with μ-1,1-O of the carboxlate group of OBA in a equidistance manner (Mn1--Mn2 = 3.655 Å; Cd1-- Cd2 = 3.685 Å). Even though the coordination geometry is quite similar for the respective metal nodes in case of both of the LMOFs, but the different size of metal nodes possesses different bond angles and bond distance with the constituting atoms. The bond distance-associated bridged oxygen atom (Mn--O3; Cd1--O3) of the OBA ligand lies between 2.197 and 2.289(3) Å (Mn1--O3, Mn2--O3) for **Mn\@MOF** ([Table S4](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c01194/suppl_file/ao0c01194_si_001.pdf)), whereas for **Cd\@MOF** ([Table S7](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c01194/suppl_file/ao0c01194_si_001.pdf)), it lies between 2.285 and 2.363(3) Å (Cd1--O3, Cd2--O3). Likewise, other bond distances like the monodentate oxygen center ranging from 2.085(3) to 2.295(3) Å (Mn2--O2, Mn2--O4, Mn2--O5, Mn2--O6, Mn1--O1, Mn1--O7) changes to 2.208(4) to 2.387(3) Å (Cd2--O2, Cd2--O5, Cd2--O6, Cd2--O7, Cd1--O4, Cd1--O8). In case of terminal metal nodes, the metal--N bond distance has been elongated slightly from 2.335(4) Å (Mn2--N1) to 2.351(4)Å (Cd2--N). Interestingly, the bond angles between the central metal-bridge oxygen atom-terminal metal are also shifted largely, and the value of Mn1--O3--Mn2 angles is 109.15°(12), whereas Cd1--O3--Cd2 angles are 104.89°(12) ([Tables S5 and S8](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c01194/suppl_file/ao0c01194_si_001.pdf)).

Surprisingly, the central metal ions in both LMOFs have adopted an octahedral (O~h~) geometry, whereas the terminal centers have a highly distorted octahedral geometry. Two equilateral triangles are exactly parallel and staggered for an ideal octahedral geometry, while the triangles are not equilateral in a distorted one. According to the Bailer twist, the side of the triangle (*s*), the inter-triangular distance (*h*), and the twist angle (ϕ), have a specific order, like regular octahedron having *s*/*h* = 1.22, ϕ = 60° ([Figure S1](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c01194/suppl_file/ao0c01194_si_001.pdf)).^[@ref40],[@ref41]^ Herein, **Mn\@MOF**, for Mn1, the *s*/*h* value and the average twist angle are 1.24 and 89.25°, respectively, representing a regular octahedron geometry, whereas for Mn2, these values are *s*/*h* = 1.13 and ϕ = 83.87°, respectively, which is signifying a highly distorted trigonal ([Figure S2](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c01194/suppl_file/ao0c01194_si_001.pdf)) octahedron geometry ([Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"}a).

![Coordination polyhedral around the constituting metal ions; representation of the coordination geometry around the central and terminal metal ions, respectively, for (a) **Mn\@MOF** and (b) **Cd\@MOF**.](ao0c01194_0010){#fig3}

Interestingly, for **Cd\@MOF**, Cd1 has also espoused an octahedral (O~h~) geometry. The *s*/*h* value and the average twist angle are 1.22 and 91.13°, respectively, for the central Cd(II) atom, indicating a regular octahedron geometry, whereas for the terminal one (Cd2), these values are *s*/*h* = 1.17 and ϕ = 88.32°, respectively, which is signifying a highly distorted trigonal octahedron geometry ([Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"}b).

The crystal architectures are suggesting that the terminal pyridyl rings of the INA ligand facilitate to a double wall of the 2D net framework with the formation of a propagating 2D chain with rectangular channels ([Figure [4](#fig4){ref-type="fig"}](#fig4){ref-type="fig"}a,b). Although there are some deviations in the bond distance and bond angles between the LMOFs, the size of the cavity formed by the propagating chains of MOFs is quite similar ([Figure [4](#fig4){ref-type="fig"}](#fig4){ref-type="fig"}a,b). The packing pattern has disclosed that the 2D nets are propagating almost through the diagonal to the *bc*/*ac* plane ([Figure S3](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c01194/suppl_file/ao0c01194_si_001.pdf)) and are stacked to make effective and identical C--H···π bonding interactions in the supramolecular assembly with the satisfactory distance (2.541 AÅ) ([Figure S4](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c01194/suppl_file/ao0c01194_si_001.pdf)). Further simplification of the crystal structure of LMOFs ([Figure [5](#fig5){ref-type="fig"}](#fig5){ref-type="fig"}a) suggests a zigzag-like 2D sheet ([Figure S5](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c01194/suppl_file/ao0c01194_si_001.pdf)) which is formed by a three-dimensional net-like topology ([Figure [5](#fig5){ref-type="fig"}](#fig5){ref-type="fig"}c,d) with effective stacking of layers ([Figure [5](#fig5){ref-type="fig"}](#fig5){ref-type="fig"}b).

![Cavity size and different inter-atomic distance (projected along the *b* axis, *ac* plane) of LMOFs (a) **Mn\@MOF** and (b) **Cd\@MOF**.](ao0c01194_0011){#fig4}

![(a) Simplified structure of **LMOFs** (projected along the *bc* plane); (b) propagation of 2D sheets and there close packed condition; and (c,d) simple representation of 2D net like topology of **Mn\@MOF** and **Cd\@MOF**, respectively.](ao0c01194_0012){#fig5}

There is no significant change in the cell parameters except for the fact that the Cd (II)-containing MOF had larger cell volume, and more distorted bond angles arose because of the accommodation of larger atoms compared to the Mn(II)-containing sample.

Field-Emission Scanning Electron Microscopy {#sec2.2}
-------------------------------------------

The structural similarity is also observed in the surface morphological studies, which suggest that both of the MOF samples possess a block-shaped morphology, and propagated in a polycrystalline manner. The SEM image of the synthesized **Mn\@MOF** ([Figure S6a](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c01194/suppl_file/ao0c01194_si_001.pdf)) exhibits the block-shaped polycrystalline form, which also reassembles with the simplified 3D net-like geometry ([Figure [5](#fig5){ref-type="fig"}](#fig5){ref-type="fig"}c) propagated through a block-shaped polycrystalline form. The surface of **Mn\@MOF** is representing the tip of a flower stamen, where the pollen grain-like spike-shaped constituent on the top face of the crystal block ([Figure S6b,c](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c01194/suppl_file/ao0c01194_si_001.pdf)) may be serving for the propagation of the repeating phase of the crystal. The similar polycrystalline form and structural features for the **Cd\@MOF** samples have also been observed where the crystal block grows like an "Aragonite Cave Flowers" ([Figure S7b,c](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c01194/suppl_file/ao0c01194_si_001.pdf)). The coordination environment and medium of crystal growth is influenced by the packing/stacking of different phases, which leads to a diverse form of orientation.^[@ref42]^ Herein, in spite of having similar coordination geometry, the difference in the growth solvent results in a dissimilar growth and crystal shape.

Thermal Stability and Purity {#sec2.3}
----------------------------

Powder XRD measurements are exhibiting almost all the major peaks in the PXRD pattern of the bulk samples and are matched with the simulated PXRD patterns of the as-synthesized **LMOF** samples ([Figures S8 and S9](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c01194/suppl_file/ao0c01194_si_001.pdf)) which confirms the phase clarity and uniformity of the bulk material. Furthermore, both LMOF samples were soaked in different harsh medium \[NaOH (pH ≈ 12), HCl (pH ≈ 4), boiling water, *and so forth*.\] to investigate its vulnerability for real-world applications. The PXRD patterns of the soaked samples have no significant change in the major peaks which indicates its high stability under different working conditions.

Thermogravimetric analysis (TGA) is also performed to examine the thermal stability of both the MOFs, and it has revealed that around 14% of weight loss has been experienced between *ca*. 50--300 °C, signifying the expulsion and followed by the liberation of coordinated solvent molecules (DMFs) for **Mn\@MOF** ([Figure S10](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c01194/suppl_file/ao0c01194_si_001.pdf)). Furthermore, the framework starts to decompose at 300 °C and completely ruptures at 400 °C through the breakdown of the crystallographic arrangement. After 550 °C, complete breakdown of the framework occurs with the formation of metallic char. However, **Cd\@MOF** ([Figure S10](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c01194/suppl_file/ao0c01194_si_001.pdf)) shows a lower mass loss (6.6%) within the temperature range of 50--300 °C that may be associated to the elimination of coordinated DMF molecules from the crystal structure. In continuation, a complete rupture of the crystal framework is also observed at around 400 °C with a mass loss of 44.7%. This mass loss is similar to that of the earlier case which is signifying the rupture of organic building blocks. However, a continuous mass loss is observed up to 800 °C because of the conversion of metallic char. Therefore, a high thermal stability of the LMOFs has been perceived from the TGA analysis.^[@ref43]−[@ref45]^

The IR spectroscopic experiments were performed using KBR pellets, which further ([Figure S11](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c01194/suppl_file/ao0c01194_si_001.pdf)) confirm the formation of LMOFs. It can be perceived that **Mn\@MOF** has three characteristic IR spectra at 3400, 1600, and 1400 cm^--1^, attributing to the existence of −OH, −C=O, and −C--O functional groups, respectively. Similar IR spectra have also been observed for **Cd\@MOF** where the C=O and C--O peaks are slightly shifted.^[@ref34]−[@ref51]^

Luminescence Behaviour {#sec2.4}
----------------------

Previously, MOFs were modified depending upon their porosity, surface area, band gap, *and so forth* for sensing of epNACs from different solvent medium. For practical applications, epNACs detection from aqueous media becomes one of the essential criteria. In order to evaluate the luminescence behavior, 1 mg of each MOF samples (**Mn\@MOF** & **Cd\@MOF**) were dispersed in 5 mL of acetonitrile (ACN) to make a homogenous suspension. Furthermore, upon photo excitation at 360 nm ([Figure S12](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c01194/suppl_file/ao0c01194_si_001.pdf)), emissions of both of these samples were observed at 430 nm ([Figure [6](#fig6){ref-type="fig"}](#fig6){ref-type="fig"}a,b). The homogenous suspension shows an excellent emissive property of the LMOFs under UV light; however, **Cd\@MOF** exhibits slightly higher intense fluorescence compared to **Mn\@MOF** ([Figure S13](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c01194/suppl_file/ao0c01194_si_001.pdf)). Conventionally, d^10^ metal containing MOFs, consisting of conjugated organic linkers, are considered as the excellent sensor toward the detection of electron-deficient nitro aromatic compounds.

![UV--vis absorption spectra and the photoluminescence spectra of (a) **Mn\@MOF**; (b) **Cd\@MOF** (inset: the digital photograph of the samples before and after excitation).](ao0c01194_0013){#fig6}

The stable d^10^ electronic configuration of the metal ion basically indicates the non-oxidizable or non-reducible^[@ref52],[@ref53]^ behavior of the metal nodes, and that further signifies that the d^10^ metal nodes do not have any influence on the fluorescence properties of the MOF samples.^[@ref54]^ Therefore, one of the reasons for the resulting fluorescence is subjected to the ligand-to-ligand charge-transfer (LLCT) (π\*--n or π\*−π) transition between the organic linkers in the LMOFs.^[@ref55],[@ref56]^ Furthermore, there is significant reduction in the nonradiative decay because of the mix ligand complexation with the metal nodes.^[@ref57]−[@ref59]^ In order to examine the effect of half-filled d orbital configuration on the fluorescence of the resulting MOF and its detection ability toward the epNACs, the Mn(II)-based MOF (**Mn\@MOF**) has been chosen to serve the purpose.

The origin of the luminescence suggests that the paramagnetic transition metal ions result in the quenching of the luminescence. In general, the charge-transfer process based on d--d transition is considered to be the mechanism of quenching. Herein, the Mn^2+^ ion having high-spin d^5^ electronic configuration, which is paramagnetic in nature, is incorporated within the MOFs. A study by Ma *et al*.^[@ref60]^ where it is shown that incorporation of Mn^2+^ ions into a Cd-MOF by gradual postsynthetic metal node metathesis can lead to corresponding reduction in the fluorescence quantum yield of the Cd-MOF from 74.8 to 9.7%. Therefore, the Mn^2+^ containing MOF may have diverse photoluminescence (PL) properties than a d^10^ Cd^2+^---MOF, which may lead to distinct differences in sensitivity and selectivity of these luminescent probes.^[@ref61]^

Fluorescence Titration Study for epNAC Detection {#sec2.5}
------------------------------------------------

The high fluorescence emissive property of these MOFs instigated us to explore its potentiality towards epNAC detection from water for justifiable practical applicability. Indeed, the dispersed MOF samples (**Mn\@MOF** and **Cd\@MOF**) were used in order to examine their recognition efficiencies toward a series of electron-deficient nitroaromatic epNACs such as TNP, DNB (1,3-dinitro benzene), DNT (2,6-dinitro toluene), NB (nitro benzene), DNBA (1,3-dinitro benzoic acid), NBA (4-nitro benzoic acid), *and so forth* in 10^--4^ M aqueous solution. First, the effect of water on the inherent fluorescence intensity of both the LMOFs at 430 nm is checked, and there is no significant influence of water on the fluorescence intensity of the synthesized MOFs. In case of **Mn\@MOF**, a highly selective and significant fluorescence quenching (∼55%) is perceived upon the gradual addition of 415 μL aqueous TNP solution (10^--4^ M) ([Figure [7](#fig7){ref-type="fig"}](#fig7){ref-type="fig"}), whereas for other epNACs, there is no subtle changes in the fluorescence spectra ([Figure [8](#fig8){ref-type="fig"}](#fig8){ref-type="fig"}).

![Fluorescence titration of **Mn\@MOF** upon the gradual addition (0--415 μL) of TNP (10^--4^ M) aqueous solution.](ao0c01194_0014){#fig7}

![Quenching efficiency of different epNACs toward the fluorescence intensity of **Mn\@MOF**](ao0c01194_0015){#fig8}

A similar type of quenching fashion is also observed for **Cd\@MOF** during fluorescence titration experimentation with the same solution of TNP ([Figure [9](#fig9){ref-type="fig"}](#fig9){ref-type="fig"}) in a similar environment. The comparison of the titration graphs affirms that a higher quenching response is observed for **Cd\@MOF** than the prior one. In case of **Cd\@MOF**, a higher quenching efficiency is also noticed for TNP while for the other competent, the epNAC response is very feeble ([Figure [10](#fig10){ref-type="fig"}](#fig10){ref-type="fig"}).

![Fluorescence titration of **Cd\@MOF** upon the gradual addition (0--280 μL) of TNP (10^--4^ M) aqueous solution.](ao0c01194_0016){#fig9}

![Quenching efficiency of different epNACs towards the fluorescence intensity of **Cd\@MOF**](ao0c01194_0002){#fig10}

Insights into TNP Sensing Mechanism {#sec2.6}
-----------------------------------

In order to explicate the plausible mechanistic course of sensing, different interactive pathways have been explored, and it is found that resonance energy transfer (RET) and photo-induced charge transfer (PET) are the best possible mechanisms. These phenomena well acclaimed in fluorescence spectroscopy where PET is subjected to the enhancement of easy electron transfer to the excited electronic state, which possess the quenching of fluorescence. In contrast, RET signifies the facile energy transmission from an electronically excited donor chromophore to the acceptor moiety. Generally, the resonance energy transfer occurs when the emitted energy of the donor and absorbance spectrum of the acceptor eventually overlaps in a significant way. The extent of overlap of the two spectra (absorbance and emission spectra) signifies the stratum of sensing. The overlapping shows that emission of **Mn\@MOF** has the maximum overlap with the absorbance band of TNP compared to other epNACs ([Figure [11](#fig11){ref-type="fig"}](#fig11){ref-type="fig"}a). Therefore, the fluorescence quenching is maximum for TNP over other analytes. The emission profile of **Mn\@MOF** shows a shift in the fluorescence wavelength upon interaction with TNP, revealing a charge transfer between the host and guest analyte. In particular, after interaction with TNP, the distance of the host and guest becomes within the favorable region, which in turn makes the charge transfer facile, and thus, the fluorescence energy lowers caused by the red-shifted emission wavelength. As previously discussed, **Cd\@MOF** expresses a better fluorescence quenching response over **Mn\@MOF**, but there is also a shift in the position of the characteristic fluorescence emission upon the addition of the TNP solution. Therefore, the possibility of charge transfer is directing the possible mechanism of the fluorescence-quenching phenomenon. Similar to **Mn\@MOF**, the overlap between the emission band of **Cd\@MOF** and the absorbance band of TNP is also observed to be maximum compared to other epNACs ([Figure [11](#fig11){ref-type="fig"}](#fig11){ref-type="fig"}b).

![Overlap of the absorption spectra of epNACs with the emission spectra of (a) **Mn\@MOF** (b) **Cd\@MOF**.](ao0c01194_0003){#fig11}

Additionally, IR spectra suggest that there are three characteristic peaks at 3400, 1600, and 1400 cm^--1^ attributing to the presence of −OH, −C=O, and −C--O functional groups respectively, which are eventually unaltered in the presence of TNP, affirming a nonbonding π--π host--guest interaction between the chemosensor and TNP ([Figure S14a,b](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c01194/suppl_file/ao0c01194_si_001.pdf)).^[@ref49]−[@ref51]^ As a consequence, it can be inferred that both of these methodologies are collaboratively responsible for the fluorescence quenching of the emission of both the MOF samples.

Furthermore, the Stern--Volmer (SV) plot of **Mn\@MOF** ([Figure [12](#fig12){ref-type="fig"}](#fig12){ref-type="fig"}a) is nonlinear in nature, which implies the existence of static quenching for both of the cases \[where (*I*~0~/*I*) = *K*~sv~(*Q*) + 1; *I*~0~ = initial fluorescence intensity of MOF sample and *I* = fluorescence intensity of MOF in the presence of epNACs; {*Q*} = molar concentration of epNACs; and *K*~sv~ = quenching constant (M^--1^)\]. The nature of the SV plot also indicates that an energy transfer or an integrated way of forming a charge transfer complex causes fluorescence quenching. In this regard, the modified SV equation, (*I*~o~/*I* -- 1) = *K*~sv~ \[*Q*\], is employed to determinate the quenching constant \[where *I*~o~ is initial fluorescence intensity and *I* is fluorescence intensity of **LMOFs** in the presence of epNACs, \[*Q*\] is the molar concentration of epNACs, and *K*~sv~ is the quenching constant (M^--1^)\]. The slope of the (*I*~o~/*I* -- 1) *versus* \[*Q*\] plot can assist in obtaining the mathematical value of *K*~sv~. It is found that the calculated value of *K*~sv~ is 9.92 × 10^4^ M^--1^ which is nearly comparable with *K*~sv~ reported in the recent literature ([Table S9](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c01194/suppl_file/ao0c01194_si_001.pdf)) The detection limit of **Mn\@MOF** has also been calculated to be 0.77 × 10^--6^ M.

![SV plot of (a) **Mn\@MOF**; (b) **Cd\@MOF** with epNACs (conc. 10^--4^ M).](ao0c01194_0004){#fig12}

In case of **Cd\@MOF**, the SV plot ([Figure [12](#fig12){ref-type="fig"}](#fig12){ref-type="fig"}b) is also nonlinear in nature with the significant shift of the initial fluorescence, which corroborates with the fact that integrated self-adsorption and an energy transfer pathway are responsible for quenching.^[@ref33]^ The calculated quenching constant (*K*~sv~) for **Cd\@MOF** is 21.76 × 10^4^ M^--1^, whereas the limit of detection for **Cd\@MOF** is 0.54 × 10^--6^ M, which also suggests that Cd(II)-based system is more selective and sensitive towards TNP than the Mn(II) based system (**Mn\@MOF**). However, the **Cd\@MOF** possesses better sensing efficiency towards TNP than some recently related reports ([Table S9](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c01194/suppl_file/ao0c01194_si_001.pdf)).

To investigate the characteristic of the static or dynamic quenching phenomenon upon the interaction with TNP, the TCSPC experimentation is also performed. The TCSPC plot of **Mn\@MOF** ([Figure S19a](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c01194/suppl_file/ao0c01194_si_001.pdf)) suggests that there is significant change in the average lifetime, indicating dynamic quenching upon the interaction with TNP. However, there is no significant change in the average lifetime for **Cd\@MOF** ([Figure S19b](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c01194/suppl_file/ao0c01194_si_001.pdf)), and an upward curvature has been observed in the SV plot ([Figure [12](#fig12){ref-type="fig"}](#fig12){ref-type="fig"}b), suggesting the formation of a ground state complex.^[@ref60]−[@ref64]^ Upon the addition of TNP, a prominent red shifting in the fluorescence spectra of **Cd\@MOF** ([Figure [9](#fig9){ref-type="fig"}](#fig9){ref-type="fig"}) has also been observed, confirming the formation of the GS complex.

Selective of Sensing TNP with the Interference of Other epNACs {#sec2.7}
--------------------------------------------------------------

With respect to selectivity, both of the MOF samples were selective toward TNP sensing, but **Cd\@MOF** showed extensively higher sensitivity compared to **Mn\@MOF**. Therefore, further detection studies were restricted with **Cd\@MOF** only. The higher sensitivity of **Cd\@MOF** toward TNP instigated us to explore its profound selectivity in the competitive environment with the coexistence of other interfering epNACs. The expedition started with the emission intensity of **Cd\@MOF** dispersed in ACN, which shows its value to be 380 a.u. After that, a concentrated solution of other epNACs (NB, 4-NBA, 1,3-DNB, 1,3-DNBA, and 2,6-DNT) was added to that dispersed MOF solution in different sets of samples. The selectivity and interference study with epNACs were carried out with a dispersed solution of the MOF sample (1 mg/5 mL in ACN) in a similar environment. The corresponding emission of each set of samples was measured, and there were no subtle changes observed in the emission intensity profile. Therefore, in conclusion, it can be stated that there was no noticeable effect on emission intensity of **Cd\@MOF** in response of epNACs except TNP. Furthermore, in the selectivity exploration, finally, an aqueous solution of TNP was added to each set of samples containing individual epNACs in the dispersed solution of **Cd\@MOF**. Upon the investigation of the emission intensities, appreciable quenching was observed for each set of epNACs ([Figure [13](#fig13){ref-type="fig"}](#fig13){ref-type="fig"}). Therefore, these experimental findings validated the extensive selective sensitivity of **Cd\@MOF** toward TNP over other epNACs in the aqueous medium.

![Selectivity of **Cd\@MOF** for TNP in the presence of other epNACs.](ao0c01194_0005){#fig13}

Reversibility {#sec2.8}
-------------

Because of better response, the **Cd\@MOF** has been chosen for further investigation where reversibility is one of the concerning issues for effective and efficient use of the material. Herein, the **Cd\@MOF** shows excellent reversibility ([Figure [14](#fig14){ref-type="fig"}](#fig14){ref-type="fig"}) of its fluorescence intensity upto three cycles, and regeneration is only done by centrifuging the MOF sample with three repeated times of washing with the organic solvent.

![Selectivity of **Cd\@MOF** for TNP in the presence of other epNACs.](ao0c01194_0006){#fig14}

Detection of TNP in Environmental Specimens {#sec2.9}
-------------------------------------------

### Detection of TNP from the Water Sample {#sec2.9.1}

There were vast sources of TNP like epNACs, and consequently, it was being continuously generated and simultaneously accumulated into the environment. Most of the toxic pollutants enter into the food chain or human body through water. The natural water sources like rivers, lakes, sea, and oceans are the only major resources to meet the societal demand. Major cities like Kolkata, Durgapur*, and so forth* in West Bengal, India, are established on the bank of rivers like Ganga, Damodor, from where water is supplied to the corresponding Municipalities. Therefore, for frequent monitoring on the accumulation pathways of organic explosives and mutagenic pollutants, discerning the detection of TNP from natural water resources is highly important. In bid to investigate the selective sensing ability of our synthesized MOF, several water specimens were culled from the diverse area of West Bengal state, India. The water sample compositions varied widely depending on its geological positions and that variation of composition may affect the sensitivity of our sensor. The collected natural water sample has been used to prepare TNP solutions (1 mM) for further investigation. In the beginning of this investigation, the effect on the fluorescence intensity of each water waster specimen without the addition of TNP was checked, and no effect had been observed ([Figure S20a](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c01194/suppl_file/ao0c01194_si_001.pdf)). First, two natural water samples were collected: (i) water collected from the industrial site of Durgapur (Specimen I) and (ii) water specimens collected from Ganga (Specimen II) were taken in consideration to examine the influence of these simulated specimen on the fluorescence emission of **Cd\@MOF**. The fluorescence emission of **Cd\@MOF** was considerably quenched after the addition of Specimen I ([Figure [15](#fig15){ref-type="fig"}](#fig15){ref-type="fig"}a) and Specimen II ([Figure [15](#fig15){ref-type="fig"}](#fig15){ref-type="fig"}b). The remaining water was also regulating the similar quenching fashion irrespective of its variation in composition. Now, it can be concluded that the fluorescence emission of **Cd\@MOF** will always be quenched in the presence of TNP in any water sample, irrespective of its source.

![Fluorescence quenching of **Cd\@MOF** upon the gradual addition of TNP into water Specimen I (a) and specimen II (b).](ao0c01194_0007){#fig15}

### Detection of TNP from the Soil Sample {#sec2.9.2}

In most of the agriculture-prone countries like India, the major agricultural zone is resided on the basin of a river for easy irrigation facilities. Currently, the release of industrial waste into the rivers increases the possibility of soil contamination in agriculture fields, that is, it also simultaneously enhances the accumulation of TNP like epNACs and mutagenic water pollutants in the crops. Thus, these pollutants are directly accumulated into the food chain followed by the cell of living organisms, causing severe fatal dieses like cancer, anaemia, infertility, respiratory track, *and so forth*. In this regard, selective detection of TNP from the soil sample for continuous tracking of the accumulation of TNP in the ecosystem is highly appreciable. Nevertheless, the detection from the soil sample is much more difficult than the water sample because of the presence of excessive variable interfering agents. As **Cd\@MOF** shows, its potential toward the detection of TNP with high selectivity and sensitivity, even irrespective of its water sample sources, has stimulated us to investigate its effectiveness toward TNP detection from the soil sample.

Soil samples has been collected from different sites in which soil specimen I was collected from the agricultural field situated at the basin of Ganga, and another soil specimen II was collected from the Durgapur industrial area. After natural drying, these soil samples were taken for further measurement where the soil sample (1.0 g) was extracted with 5.00 mL of water under continuous mechanical shaking for 10 min followed by centrifuging for next 5 min at 5000--6000 rpm. The resultant supernatants were further used as the stock solution to prepare the simulated TNP solution.^[@ref39]^ The influence on the fluorescence intensity of the soil supernatant without the addition of TNP was checked, and no significant effect had been observed ([Figure S20b](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c01194/suppl_file/ao0c01194_si_001.pdf)). As likely to the water specimen, soil specimens were prepared with same concentration of TNP.

The influence of each specimen on the fluorescence emission of **Cd\@MOF** was monitored, and an appreciable quenching was observed for each specimen ([Figure [16](#fig16){ref-type="fig"}](#fig16){ref-type="fig"}, two representative fluorescence experiments with **Cd\@MOF** and TNP--soil specimens). It is now obviously interesting to conclude that the quenching of **Cd\@MOF** emission always occurred in the presence of TNP, irrespective of its competitive environment. Thereby, **Cd\@MOF** can be contemplated as a universal luminescent sensor for easy, instant, and discerning detection of TNP like organic explosives and mutagenic water pollutants.

![Fluorescence quenching of **Cd\@MOF** upon the gradual addition of TNP into soil specimen I (a) and specimen II (b).](ao0c01194_0008){#fig16}

Conclusions {#sec3}
===========

In summary, this report provides strategic assistance for designing and engineering luminescent MOFs for discerning detection of explosive nitroaromatic compounds (epNACs). The consequence on judicious choice of the constituent of LMOFs, especially different metal ions, reflected in diverse structural features as well as sensing response. Conventionally, the metal center with half or full-filled electronic configuration are considered to have no influence on the sensing response. However, this exploration proposes a significant effect of these metal ions on the fluorescence as well as its sensing responses. The soft, Cd^2+^-based LMOF is more sensitive toward the TNP sensor than the hard center containing the Mn^2+^-based MOF. The high sensitivity and chemical stability exert a high potential of **Cd\@MOF** toward sensing of epNACs in real world. Consequently, this MOF is can efficiently detect TNP from various environmental matrixes (soil and water) which were collected from the diverse zones of West Bengal, a state in eastern India. **Cd\@MOF** can be contemplated as a universal luminescent sensor for easy, instant, and discerning detection of TNP like organic explosives and mutagenic water pollutants from environmental specimens.

Experimental Sections {#sec4}
=====================

Materials and Methods {#sec4.1}
---------------------

The analytical-grade chemicals are used in this work without further purification. All chemicals have been purchased from Sigma Aldrich. A Bruker AXS (D8) PXRD instrument has been employed for measuring the powder X-ray diffraction (PXRD) patterns. The Fourier transform infrared (FTIR) spectra have been obtained with KBr pellets using the Perkin Elmer spectrum 100 model instrument. A Pyris Diamond TG/DTA (Perkin Elmer, STA-6000) thermal analyzer was used for thermogravimetric analysis (TGA) in the temperature range of 40--800 °C at the heating rate of 10.0 °C/min under a N~2~ atmosphere with the flow rate of 20.0 mL/min. The single-crystal X-ray analysis is carried out in Bruker AXS. UV--vis studies have been carried out in CARY-60. Perkin Elmer LS-45 has been used for fluorescence titration at an excitation wavelength 360 nm. The surface morphology was investigated by field-emission scanning electron microscopy (FE-SEM) equipped with energy-dispersive spectroscopy (EDS) (Make: Zeiss, Germany). TCSPC studies were carried out in a HORIBA Jobin Yvon picosecond time-correlated single photon counting spectrometer (model no. Fluorocube-01-NL). For the soil sample analysis pre-treatment, the supernatant is prepared as per the standard reported method.^[@ref39]^

Synthesis of Mn\@MOF {#sec4.2}
--------------------

The solvothermal method has been employed for synthesizing Mn\@MOF under mild conditions ([Scheme [1](#sch1){ref-type="scheme"}](#sch1){ref-type="scheme"}). H~2~OBA (0.1 mmol, 25.82 mg), HINA (0.1 mmol, 12.31 mg), and MnCl~2~·4H~2~O (0.2 mmol, 39.58 mg) were dissolved in the mixture of 4 mL of DMF and 1 mL of chlorobenzene solution periodically with ultrasonication for 5 min. The resulting solution was filtered and placed in a sealed Teflon-lined autoclave (14 mL capacity), which was then kept in an air oven heated at 393 K, for 3 days under autogenous pressure. The reaction mixture was cooled down for obtaining suitable colorless block-shaped single crystals (**Mn\@MOF**), and further solid-state elemental analysis was performed with the dried sample. Elemental analysis resulted C~46~H~38~Mn~3~N~4~O~16~ calcd (%): C, (51.75); H, (3.59); N, (5.25); found (%): C, (50.96); H, (4.08); N, (5.62).

Synthesis of Cd\@MOF {#sec4.3}
--------------------

H~2~OBA (0.1 mmol, 25.82 mg), HINA (0.1 mmol, 12.31 mg) and Cd(NO~3~)~2~·4H~2~O (0.2 mmol, 61.68 mg) were dissolved in the mixture of 5 mL of DMF solution periodically with proper ultrasonication for 5 min ([Scheme [1](#sch1){ref-type="scheme"}](#sch1){ref-type="scheme"}). The resulting solution was filtered, followed by pouring in a sealed Teflon-lined autoclave (14 mL capacity) which was kept in an air oven at 393 K, for 3 days, under autogenous pressure. The hot reaction mixture was then cooled to room temperature, which helped obtain suitable colorless block-shaped single crystals (**Cd\@MOF**). The SCXRD analysis and solid-state elemental analysis were then performed with the dried sample. Elemental analysis resulted C~46~H~38~Cd~3~N~4~O~16~ calcd (%): C, (44.55); H, (3.08); N, (4.51); found (%): C, (43.25); H, (4.38); N, (4.22).
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